BACKGROUND: Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) compromise physical activity and quality of life and contribute significantly to health care costs. Systemic glucocorticoids benefit clinical outcome in AECOPD, and the REDUCE trial demonstrated noninferiority of a 5-day treatment course with prednisone compared with 14 days therapy regarding clinical outcome over 6 months of follow-up. Unexpectedly, we found an inverse correlation between circulating cortisol levels and exacerbation risk during a 6-month follow-up period.
Introduction
Chronic obstructive pulmonary disease (COPD) is one of the leading causes of death worldwide [1] . COPD patients. They are usually associated with increased airway inflammation and characterised by a change in the patient's baseline dyspnoea, cough, and/or sputum purulence and volume [2] [3] [4] The main risk factor for the development of COPD is inhaled smoke. Additional risk factors include infections, continued oxidative damage and air pollution [5] . Patients' age, dyspnoea and airway obstruction are positive predictors for 2-year mortality [6] . Risk factors for exacerbations include older age, higher partial pressure of carbon dioxide (PaCO2) and long-term use of systemic glucocorticoids [7] , worse baseline breathlessness as measured with the Medical Research Council (MRC) dyspnoea scale [8] [9] [10] , or poor nutritional status [11, 12] ; in some patients no specific cause for an exacerbation can be found [5] . According to data from a Swiss cohort, approximately 20% of COPD patients experience at least one exacerbation per year [13, 14] . Affected patients require intensive monitoring and treatment, which contributes to high healthcare costs. Exacerbations expedite the process of gradual decline in forced expiratory volume in 1 second (FEV1) [15] [16] [17] and the progression of emphysema assessed with computed tomography (CT) [18] . Patients with frequent COPD exacerbations thus have worse health status, faster disease progression and a higher risk of hospital admission than patients with less frequent exacerbations [19] . Exacerbations become more frequent and severe with increasing COPD grade [4] , but frequency of exacerbations varies widely among individuals [20] , possibly because of varying susceptibility to viral infections [21] . To reduce exacerbation frequency is a main goal in COPD treatment. One of the functional consequences of exacerbations is weakening of peripheral muscles, leading to decreased physical activity and quality of life [22] . Patients with an acute exacerbation in the previous year have a lower activity level than others without recent exacerbation [23] . Time spent outdoors declines during exacerbations, which indicates the importance of pulmonary rehabilitation after an exacerbation [24, 25] . Other factors such as depression may contribute to physical inactivity [26] . Baker and colleagues [27] reported that higher blood glucose concentrations in patients with acute exacerbations of COPD are associated with adverse clinical outcomes, including re-exacerbation. This finding may reflect the severity of the illness or the large dose of glucocorticoids used for exacerbation treatment.
Disease exacerbations have major implications for
The REDUCE randomised clinical trial [28] showed that a 5-day treatment with systemic glucocorticoids is noninferior to a 14-day treatment in patients admitted to the emergency department for acute exacerbations of COPD. In a prespecified prospective analysis of adrenal function, tested with the low-dose (1µg) corticotropin stimulation test, we found that basal and stimulated cortisol levels were inversely associated with the re-exacerbation risk, and a pathological result was associated with higher odds for re-exacerbation [29] . This novel finding was unexpected, indicating that existing knowledge of predictors may be limited. We therefore undertook the present study to identify possible additional predictors of re-exacerbation, using data from the REDUCE trial.
Patients and methods

Study design and patients
We used data from the REDUCE multicentre placebo-controlled trial [28, 30] (ISRCTN29646069) for the current analysis. The original trial was designed to test the hypothesis that in acute exacerbations of COPD, a 5-day treatment with systemic glucocorticoids would not be inferior to therapy for 14 days with regard to clinical outcome. Ethical approval to conduct the trial was obtained from the competent ethics committees (Ethikkommission beider Basel, currently named Ethikkommission Nordwest-und Zentralschweiz) and KEK Bern. Briefly, patients admitted to the emergency department with exacerbated COPD were randomly assigned to 5 or 14 days of treatment with oral prednisone 40 mg daily. The primary outcome was the time to COPD re-exacerbation during the follow-up period of 6 months. Secondary endpoints included all-cause mortality, change in FEV1, cumulative glucocorticoid dose and clinical performance (assessed with the MRC dyspnoea scale [9] , a bronchitis-associated quality-of-life score [31] , and patientreported overall performance quantified on a visual analogue scale). All data relevant to the primary and secondary endpoints were assessed daily during the hospitalisation period, on day 6, the day of discharge, and on days 15, 30, 90 and 180 of follow-up. Of the 314 randomised patients, 311 were considered in the statistical analyses; the remaining three were excluded because of an incorrect initial diagnosis [28] . 
Statistical analyses
For the current post-hoc analysis, data from the two treatment arms were pooled. We tested the following parameters as potential predictors for re-exacerbation: sex, age, smoking status, FEV1, dyspnoea as assessed with the MRC dyspnoea scale, home oxygen therapy, pretreatment with systemic glucocorticoids, pretreatment with antibiotics, duration of hospitalisation, blood pressure, oxygen saturation, admission to the intensive care unit (ICU) and relevant infections in follow-up. Categorical variables are summarised as absolute and relative frequencies, and quantitative variables as mean and standard deviation or median and interquartile range, depending on their distributional properties. For group comparisons, the t-test or Wilcoxon rank-sum-test were used for quantitative variables and the chi 2 -test or Fisher's exact test for qualitative variables. Correlations between two quantitative variables were quantified as Spearman's rank correlation coefficient. We used logistic regression models to investigate the associations of baseline factors with the risk for COPD re exacerbation, and re exacerbation and/or death, during follow-up. Models were adjusted for the following confounding variables: pretreatment with glucocorticoids, age, Global Initiative for Chronic Obstructive Lung Disease (GOLD) COPD grade, present smoking and sex. Survival methods were used to analyse time to re-exacerbation and time to re-exacerbation and/or death. In patients without an event during follow-up, the time to their last follow-up contact was considered as censored outcome. Kaplan-Meier plots and the log rank test were used to compare event times between groups. Associations of event times with predictor variables were assessed with Cox proportional hazard models, which were built in the same way as the logistic regression models. The proportional hazard assumption was tested on the basis of the Schoenfeld residuals [32] . To study the influence of timevarying predictor variables on the risk of an event, observation time was split into different periods defined by the date of discharge and the follow-up contacts, and predictor variables were updated at the start of each interval if they had been re-measured at this time point. For each of the variables measured repeatedly during follow-up, we assessed the relative importance of the most recent value and the value at discharge for predicting the risk of an event in the next time interval. For our statistical analyses we focused on the values of predictor variables at study inclusion (D0), day 6 (D6) and hospital discharge, since re-exacerbation events would occur after these time-points. The follow-up period was defined as the time between hospital discharge and study close-out after 6 months. A two-sided p-value of <0.05 was considered statistically significant. All calculations were done with Stata version 13.1 (StataCorp, College Station, TX, USA).
Results
Baseline characteristics of the study population are shown in table 1. An overview of quantitative variables at various study time-points is shown in supplementary table S1 (appendix). A total of 113 out of the 311 analysed patients experienced one or more exacerbations during the follow-up of 180 days [28] . The proportion of patients experiencing a re-exacerbation was 40% with a COPD GOLD grade 4, 35% for grade 3, and 29% for grades 1 and 2.
Bivariate and multivariate analyses
For these analyses, we used FEV1 in % predicted rather than the GOLD grade. Table 2 shows bivariate associations between possible predictor variables and the outcome variables "re-exacerbation" or "reexacerbation and/or death". Previous smoking, a lower FEV1, pretreatment with systemic glucocorticoids, use of home oxygen therapy, longer duration of hospitalisation and a higher score in the MRC dyspnoea scale were all associated with a higher hazard ratio for re-exacerbation or re-exacerbation and/or death at one or more time-points. Need for mechanical ventilation (defined as intubation or noninvasive ventilation) was not associated with the outcome variables at any time-point (not shown). Table 3 and table 4 show the results of the multivariate analyses for the outcomes re-exacerbation and re-exacerbation and/or death, respectively, with predictor variables assessed at inclusion, day 6 and discharge and adjusted for several potential confounder variables. The risk of re-exacerbation during follow-up was positively associated with a duration of hospital stay >8 days, low FEV1, pretreatment with systemic glucocorticoids and use of home oxygen therapy. However, only the association with longer hospitalisation was statistically significant across all three time-points. Of the 139 active smokers, 39 (28.1%) had a re-exacerbation and 42 (30.2%) reached the endpoint re-exacerbation and/or death. Current smoking at the time of admission showed a significant negative association with the two outcomes. There was no evidence of an effect of sex, age or the need for mechanical ventilation on the two outcomes. 0.03 CI = confidence interval; COPD = chronic obstructive pulmonary disease; FEV1 = forced expiratory volume in the first second; D0 = day of inclusion; D6 = day 6 All variables listed in the table were simultaneously included in the model. * Reproduced from ref. [29] , with permission of the publisher. 
Stratified analyses
Analyses were stratified by age (<65 years, 65-75 years, >75 years), sex and FEV1% predicted at discharge (50%, 30-49%, <30%). However, there was no evidence that these factors modified the effects of other predictor variables (see appendix, tables S2A to S4B).
Survival analyses
We calculated the hazard ratios of re-exacerbation or re-exacerbation and/or death associated with various predictor variables at baseline. As depicted in figure 1 , panels A-D, smoking status, MRC dyspnoea scale score and duration of hospital stay were all statistically significant predictors of re-exacerbation. This was also the case for re-exacerbation and/or death (data not shown). Associations of the two risks with the predictor variable hypertension were also positive but not statistically significant. The association of re-exacerbation with FEV1 was analysed at baseline, day 6 and hospital discharge ( fig. 2 ). It was negative across all three time-points and reached statistical significance at D6 (panel B) and discharge (panel C). Again, results were similar for the outcome re-exacerbation and/or death. 
Time-varying predictor variables
Results of the analyses for the outcome re-exacerbation are shown in table 5. Using Cox-proportional hazards models with different consecutive time periods to take into account changes in predictor variables during follow-up, we found that smoking during follow up showed a significant negative association with the risk of re-exacerbation in the next time period (HR 0.47, p = 0.04), whereas smoking at discharge showed a positive but not statistically significant association. The measurements of lung function, hypertension and the MRC dyspnoea score during follow-up also showed stronger associations with the subsequent risk of re-exacerbation than the corresponding values measured at discharge. A high MRC dyspnoea score at follow-up was strongly predictive of a re-exacerbation in the next time period. Table 6 shows the results of the corresponding analyses for the outcome re-exacerbation and/or death. Hazard ratios were comparable to the ones for reexacerbation in table 5. Observation time was split into periods defined by the date of discharge and the follow-up contacts, and predictor variables were updated at the start of each interval if they had been re-measured at this time point. For each of the variables, the most recent value and the value at discharge were simultaneously included as predictors of re-exacerbation in the next time period. * Including the time-points day 6, discharge, and days 15, 30, 90 and 180
Discussion
Prompted by our observation that low serum cortisol levels were inversely associated with COPD reexacerbation risk [29] , we used prospectively gathered data from the "REDUCE" trial [28] to identify additional predictors of re-exacerbation. Our data show that lower FEV1, a history of past (but not active) smoking, hospitalisation >8 days, hypertension and a higher score on the MRC dyspnoea scale all significantly predict COPD re-exacerbation. In contrast, a recent Norwegian study about predictors of exacerbations showed that female sex, higher age, a history of exacerbations the year before inclusion, higher GOLD grade, chronic cough and use of inhaled corticosteroids were significant predictors of an increased risk of exacerbations [33] . We consider discharge from the hospital as the most reliable time-point for our analyses since patients should have regained their former steady-state level of lung function and general health at this time.
Our observation that low FEV1 predicts an increased re-exacerbation risk is consistent with previous studies showing an association between exacerbation frequency and decreasing lung function in COPD [15] [16] [17] 19] , and between low FEV1 and readmission risk. [34, 35] . FEV1 impairment is acknowledged as one of the major prognostic factors in the COPD GOLD report [2] . Surprisingly, current smoking at hospital admission, on day 6 at discharge and at later time-points was associated with a significantly lower risk of re-exacerbation than past smoking status. Current smoking has also been found to be negatively associated with hospitalisation for COPD exacerbation in a previous case-control study [36] . Our finding may be explained by a selection bias referred to as the "healthy smoker effect" [37] , observed before in patients with asthma. Asthma patients with pronounced respiratory symptoms (e.g., coughing) seem to be more likely to quit smoking earlier than those who are relatively resistant to its unpleasant effects [38] . There is also evidence that sympto- matic COPD patients are more likely to stop smoking [39] . This selective process is likely to bias the relationship between smoking and COPD re-exacerbation, disguising the causal effect of smoking [38, 40] . Interestingly, we identified new or worsening hypertension during follow-up as a significant predictor of COPD re-exacerbation. The Swiss COPD cohort similarly found that, cardiovascular diseases were associated with future exacerbation (in addition to previous rehabilitation, hospitalisation and a history of exacerbation) [41] . Arterial hypertension and COPD are often present in the same individual [42] [43] [44] , and it has been speculated that low-grade systemic inflammation may be a common pathogenic factor in both medical conditions [45] .
In the survival analyses, hospital stay >8 days and a higher grade of breathlessness as assessed by the MRC dyspnoea scale were significantly associated with the re-exacerbation risk. These observations are consistent with previous studies of the MRC dyspnoea scale, COPD exacerbations and length of hospital stay [10, 46, 47] . Our study has several limitations. The REDUCE trial was not designed specifically to identify risk factors of COPD re-exacerbation. Therefore, the causal relation between the predictors and outcome remains unproven. Additional limiting factors include the relatively small sample size, and the follow-up period of merely 6 months, during which time only approximately 36% of the study participants experienced a re-exacerbation [28] . Also, the trial was performed in only one country, precluding generalisation of our findings to populations outside Switzerland.
In conclusion, our study identified very severe COPD stage, hypertension, dyspnoea severity, and COPD-associated hospitalisation >8 days to be associated with an increased risk of COPD re-exacerbation. The identification of affected patients might facilitate preventive steps, such as extended planning of patient care after hospital discharge [48] . Our findings hold implications for future studies on tools to evaluate the risk of COPD re-exacerbation. Table S2A : Multivariate analysis of time to re-exacerbation or re-exacerbation and/or death stratified by age at discharge. 
<65 years HR (95%CI)
